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Editor ial Note  

To facilitate presentation, review, and perusal of the large quantity of observations and data generated 

under Task Order M16PD00025, the task order deliverable was divided into the following four standalone 

documents: 

 

1. Field Observations during Wind Turbine Installation at the Block Island Wind Farm, 

Rhode Island (BOEM 2019-027) ï reports on the methods, observations, data analyses, results,  

and conclusions from environmental monitoring conducted at the BIWF under BOEMôs RODEO 

Program during the assembly of the wind turbine generator components (turbine towers, nacelles, 

and blades). 

 

2. Field Observations during Wind Turbine Operations at the Block Island Wind Farm, 

Rhode Island (BOEM 2019-028) ï reports on the methods, data analyses, results, observations, 

and conclusions from environmental monitoring conducted at the BIWF under BOEMôs RODEO 

Program during turbine operations. 

 

3. Underwater Acoustic Monitoring Data Analyses for the Block Island Wind Farm, Rhode 

Island (BOEM 2019-029) ï reports on the methods, observations, results, and conclusions from 

additional analyses of underwater acoustic monitoring data collected under BOEMôs RODEO 

Program during the pile driving for securing the turbine foundations to the seabed.  

 

4. Benthic Monitoring During Wind Turbine Installation and Operation at the Block Island 

Wind Farm, Rhode Island (BOEM 2018-047) ï Published in 2018, this report presented the 

methods, data analyses, results, observations, and conclusions from benthic monitoring conducted 

in 2017 and 2018 at the Block Island Wind Farm (BIWF) under BOEMôs RODEO Program.
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Executive Summary 

The construction of the Block Island Wind Farm (BIWF), which is located 4.5 kilometers (km) (2.8 miles 

[mi]) southeast of Block Island, Rhode Island, was completed in two distinct phases. Phase 1 construction 

began in August 2015 and was completed over an 18-week period. It included installation of five wind 

turbine foundations on the seabed. Phase 2 construction was completed in two steps. In Step 1, which was 

initiated in January 2016, submarine power cables were laid on the seabed. In Step 2, which was 

completed over a two-week period (3 Augustï18 August) in 2016, a turbine tower, a nacelle, and three 

blades were assembled on each of the five wind turbine generator (WTG) foundations. The nacelle is a 

case that houses all of the generating components in a wind turbine, including the generator, gearbox, 

drive train, and brake assembly. 

This report presents methods, observations, data analyses, results, and conclusions from the Bureau of 

Ocean Energy Managementôs (BOEMôs) RODEO Program environmental monitoring conducted during 

the assembly of the WTG components on the turbine foundations (i.e. Phase 2, Step 2). Visual 

observations of construction activities were recorded and airborne noise monitoring was conducted.  

Visual Observations 

The purpose of visual monitoring was to 1) document visibility of construction activities during the 

assembly of the turbine towers and installation of the nacelles and blades from selected onshore and 

offshore locations; and 2) generate a real-time record of the construction-related impact-producing 

activities, and where possible, quantify such activities. Installation and assembly of turbine towers, 

nacelles, and blades at WTG 2, 3, and 4 were observed and recorded during this monitoring from 

strategically selected onshore (Southeast Lighthouse) and offshore (survey vessel) locations.   

Data were recorded at early morning, mid-day, sunset, and during significant changes in meteorological 

conditions (rain, fog, etc.). Observations were recorded on each day of active construction, and included 

taking a series of photographs from a fixed location, at the same angle, using a constant camera zoom 

setting. Video recordings were made as necessary to document unusual sightings or infrequent 

occurrences. Relevant information about the size, type and number of construction vessels, and other 

impact-producing factors, was also recorded.  Key visual monitoring observations are listed below: 

¶ Far fewer challenges were encountered during Phase 2, Step 2 construction as compared to Phase 

1 construction. The biggest issue was delays due to adverse weather conditions. On windy days 

especially, construction had to be suspended because of potential risk from crane operations. 

¶ Assembly of the WTG components on the foundations (Phase 2, Step 2) was completed in 

approximately 2 weeks, which was faster than the 18 weeks required for Phase 1 construction. 

¶ The L/B Brave Tern provided a superior at-sea construction platform. The ability to lift the deck 

above sea waves and provide a stable construction platform for crane operations avoided or 

greatly reduced delays from weather-related high sea states.  

¶ Phase 2 construction was more streamlined as compared to Phase 1 construction, in part due to 

use of Lift Boats (Lift Boat) as construction platforms and supply tenders. Overall, the 

construction footprint around the WTGs was reduced due to the use of LB. The derrick barges 

used as supply vessels during Phase 1 construction required multiple tugs to remain on standby 

for both positioning and anchoring, which was not as efficient as using LB. 
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¶ Only four vessels were used (three lift boats and the crew tender Atlantic Pioneer) during Phase 

2, as compared to the 16 vessels that supported Phase 1 construction. Fewer vessels anchoring on 

site also resulted in less damage to the seabed. 

¶ The Lift Boat were able to quickly transition from one turbine to the next as compared to Phase 1 

during which a lot more time was needed to reposition the derrick barges during Phase 1. Also, 

the smaller Lift Boat only required approximately 15 minutes to jack up once in position.  

¶ Average time to install one tower section and one blade was approximately 312 minutes and 220 

minutes, respectively. Total time spent at each turbine was approximately 3 days. 

¶ Compared to Phase 1 construction, during which local boat traffic was impacted, Phase 2 

construction had no influence on the local fishing traffic.  

Airborne Noise Monitoring 

Airborne noise monitoring was conducted over nine days (7 to 15 August 2016) during the installation of 

the tower sections on the WTG foundations using Larson David model 831 sound level meters. 

Environmental and meteorological conditions were also recorded during airborne noise monitoring.  

Simultaneous measurements were made at one onshore (Southeast Lighthouse) and one offshore location 

(a sound level meter mounted on the deck of the research vessel R/V McMaster).   

The monitoring results indicated that at no point during the tower lifting operations construction noise 

was audible or detectable at the onshore monitoring location. Measurements taken around the lift boat 

during lifting of the tower sections indicated that the primary source of airborne noise was the barge 

engines and this noise was characterized by a continuous hum. No noise was detected on Block Island 

under any wind conditions.  

At offshore locations, the noise levels were influenced by the wind direction. Upwind of the Lift Boat, the 

noise was almost inaudible above background levels within 750 meters (m; 0.5 mi) of the barges. 

Downwind, the hum from the engines was still audible at nearly 3,000 m (1.9 mi) with a background 

noise level of approximately 45 decibels (dB) LA90. The noise was reasonably tonal with a peak at 40 

Hertz and a noise level of 56 dB at 2,750 m (1.7 mi) at this 1/3rd octave band center frequency and 

quickly dropped below the ambient noise outside this frequency band. Given favorable conditions, 

including wind and low background noise, this noise could plausibly be audible beyond this distance.  

Under calm conditions, noise from the lift boat was still clearly audible at 1,350 m (0.8 mi) and is likely 

to be audible beyond this point. Overall, downwind propagation of airborne noise from barge operations 

during the tower section lifts was generally in line with measurements taken during the Phase 1 

construction piling.  

Video Documentation 

A short video vignette was produced to provide an overview of the BIWF project. The video described 

the BIWF facility and emphasized the importance of the different types of monitoring conducted under 

the BOEMôs RODEO Program. The video team also captured time lapse footage of the installation of two 

blades. Individual images were captured every 10 seconds from the vantage point of the second floor 

window at Southeast Lighthouse, and were subsequently processed into video. The vignette was 

completed with full color correction, professional narration, sound mixing and mastering. It was created 

in high definition broadcast quality and provided to BOEM in 1080HD and 720HD H.264 video files for 

easy distribution. The video will serve as a useful tool during the planning of future offshore facilities in 

the United States, and could also be used for media outreach, educational projects, and social media 

messaging. 
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The data, results, conclusions, and recommendations presented in this report were generated for BOEM 

by the HDR RODEO Team under IDIQ Contract M15PC00002, Task Order M15PD00025.  
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1 Introduction 

This report presents methods, observations, data analyses, results, and conclusions from real-time 

environmental monitoring surveys conducted in and around the Block Island Wind Farm (BIWF) Project 

Area (Figure 1) during the installation of the wind turbines. The turbines were installed during the second 

BIWF construction phase on foundations that had been previously anchored on the seabed during the first 

phase of construction.  This monitoring was conducted under the Bureau of Ocean Energy Managementôs 

(BOEMôs) Real-Time Opportunity for Development Environmental Observations (RODEO) Program.  

1.1 The RODEO Program  

The purpose of the RODEO Program is to make direct, real-time measurements of the nature, intensity, 

and duration of potential stressors during the construction and initial operations of selected proposed 

offshore wind facilities. The purpose also includes recording direct observations during the testing of 

different types of equipment that may be used during future offshore development to measure or monitor 

activities and their impact producing factors.  

BOEM conducts environmental reviews, including National Environmental Policy Act analyses and 

compliance documents for each major stage of energy development planning which includes leasing, site 

assessment, construction, operations, and decommissioning. These analyses include 1) identification of 

impact producing factors (stressors) and receptors such as marine mammals and seafloor (benthic) 

habitats, and 2) evaluation of potential environmental impacts from the proposed offshore wind 

development activities on human, coastal, and marine environments. The analyses require estimations of 

impact-producing factors such as noise and the effects from the stressor on the ecosystem or receptors. 

Describing the impact-producing factors requires knowledge or estimates of the duration, nature, and 

extent of the impact-generating activity.  Since there have been no offshore facilities constructed in the 

US prior to BIWF, model predictions will be primarily used to forecast likely impacts from future 

projects. 

The RODEO Program data may be used by BOEM as inputs to analyses or models that evaluate the 

effects or impacts from future offshore wind turbine construction and operations, as well as facilitate 

operational planning that would reduce potential impacts to the greatest extent possible. The 

understanding and insights gained from the BIWF monitoring program data analyses will help BOEM to 

identify, reduce, and mitigate environmental risks in the future, and significantly increase the efficiency 

and efficacy of BOEMôs regulatory review process for offshore wind development in the US.  Finally, 

data collected by the BIWF monitoring program will support prioritization of future monitoring efforts 

and risk retirement. For example, if the BWIF monitoring data indicates that likelihood of impacts from a 

particular project development phase is low or inconsequential, then such phases may not be monitored 

during future projects. 

It is important to note that the RODEO Program is not intended to duplicate or substitute for any 

monitoring that may otherwise be required to be conducted by the developers of the proposed projects. 

Therefore, RODEO monitoring was limited to selected parameters only. Also, RODEO Program 

monitoring is coordinated with the industry and is not intended to interfere with or result in delay of 

industry activities.   

The BIWF is the first facility to be monitored under the RODEO Program. All monitoring surveys were 

implemented in accordance with a pre-approved Field Sampling Plan (FSP), which included a project-

specific Health and Safety Plan (Appendix A). Table 1 identifies the types of field data collected under 

the RODEO Program during construction and/or initial operations of this facility. 
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Figure 1. BIWF project area.  

Rhode Island 

Block 

Island 
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Table 1. RODEO Program monitoring conducted at the BIWF. 

 

Phase Key Activities Dates Monitoring Surveys Comment 

Construction 
Phase 1 

¶ Steel jacket foundations 
were installed on the 
seabed using two different 
types of hammers. Both 
derrick barges and a lift 
boat were used as 
construction platforms. 
Piles were installed with a 
13.27° rake from the 
vertical. 

26 Julyï26 
October 2015. 

 

¶ Visual observations and 
documentation of the construction 
activities. 

¶ Airborne noise monitoring 
associated with pile driving. 

¶ Underwater sound monitoring 
associated with pile driving. 

¶ Seabed sediment disturbance and 
recovery monitoring through 
bathymetry surveys conducted 
immediately after construction was 
completed and in approximately 
3-month intervals for one year. 

¶ Turbine platform scour monitoring 
through installation of two scour 
monitoring devices on selected 
WTG foundations. 

¶ An Acoustic Wave and Current 
Profiler was also deployed within 
the project area. 

Results, conclusions and 
recommendations from 
Construction Phase 1 
monitoring were presented in 
the report entitled ñField 
Observations during Wind 
Turbine Foundation 
Installation at the Block Island 
Wind Farm, Rhode Island. 
Final Report to the U.S. 
Department of the Interior, 
Bureau of Ocean Energy 
Management, Office of 
Renewable Energy Programs, 
OCS Study BOEM 2018-029 
(HDR 2018a).ò   

 

Construction 
Phase 2 

¶ WTGs were installed on 
the steel foundations. 

3 Augustï18 
August 2016. 

 

¶ Airborne noise monitoring. 

¶ Visual observations and 
documentation of activities. 

Results, findings, conclusions, 
and recommendations from 
the Phase 2 Construction 
Monitoring are presented in 
the report entitled: ñField 
Observations During Wind 
Turbine Installation at the 
Block Island Wind Farm, 
Rhode Island, OCS Study 
BOEM 2019-027 (HDR 
2019a).ò
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Phase Key Activities Dates Monitoring Surveys Comment 

¶ Submarine transmission 
power cables connecting 
Block Island and mainland 
were laid using a jet 
plowing in the offshore 
portions and horizontal 
directional drilling in the 
near shore area. 

3 Juneï26 June 
2016. 

¶ Visual observations and 
documentation of the cable laying 
activities and of turbine installation 
from both on shore and off shore 
locations.  

¶ Still photography and filming of 
portions of trenching operations for 
cable laying. 

¶ Seabed sediment disturbance 
monitoring. 

¶ Post-construction seabed recovery 
through bathymetry surveys.  

For details see report entitled: 
ñObserving Cable Laying and 
Particle Settlement During the 
Construction of the Block 
Island Wind Farm.  Final 
Report to the U.S. Department 
of the Interior, Bureau of 
Ocean Energy Management, 
Office of Renewable Energy 
Programs, OCS Study BOEM 
2017-027 (Elliot et al. 2017).  

Operational 
Phase 

¶ Testing of the newly 
installed turbines. 

¶ Testing of the submarine 
transmission power 
cables.  

Operational testing 
conducted from 29 
Augustï30 
November 2016. 

 

¶ Visual observations of the 
operational wind farm from on shore 
and off shore locations at varying 
distances.  

Results, conclusions, and 
recommendations from 
monitoring conducted during 
turbine operations are 
presented in an accompanying 
report entitled: ñField 
Observations during Wind 
Turbine Operations at the 
Block Island Wind Farm, 
Rhode Island, OCS Study 
BOEM 2019-028 (HDR 
2019b).ò

 

¶ Facility operations. 

 

Wind farm 
operation began 
on 2 December 
2016. 

¶ Airborne noise monitoring. 

¶ Underwater sound monitoring.  

¶ Seabed sediment disturbance and 
recovery monitoring. 

 ¶ Benthic monitoring. Results, conclusions, and 
recommendations from this 
monitoring are presented in an 
accompanying report entitled: 
ñBenthic Monitoring During 

Wind Turbine Installation and 
Operation at the Block Island 
Wind Farm, Rhode Island, 
OCS Study, BOEM 2018-047 
(HDR 2018b).ò 
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Phase Key Activities Dates Monitoring Surveys Comment 

Follow-on Data 
Analyses 

¶ Additional in-depth 
analyses were conducted 
using data collected 
during construction Phase 
1. 

28 Julyï 31 
December 2019 

¶ No field surveys. Only desk-top data 
analyses and preliminary 3-
dimensional modeling with were 
conducted during this phase. 

Results, finding, conclusions 
and recommendations from 
the additional data analyses 
are presented in an 
accompanying report entitled: 
ñUnderwater Acoustic 
Monitoring Data Analyses for 
the Block Island Wind Farm, 
Rhode Island, OCS Study 
BOEM 2019-029 (HDR 
2019c).ò 
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1.2 Block Island Wind Farm Construction Activity Characterization  

The BIWF is the first offshore wind farm in the U.S., located 4.5 kilometers (km) (2.8 miles [mi]) 

southeast of Block Island, Rhode Island. Water depth in the wind farm area is approximately 30 meters 

(m) (98.4 feet [ft]). The five-turbine, 30-megawatt facility is owned and operated by Deepwater Wind 

Block Island, LLC1. Power from the turbines is transmitted to Block Island. A 32 km (19.9 mi) 

transmission submarine power cable transfers excess power from Block Island to the mainland.  This 

cable is buried under the ocean floor and makes landfall on the mainland, north of Scarborough Beach at 

Narragansett. The five turbines are designated as wind turbine generator (WTG) 1 to WTG 5. 

BIWF construction began in August 2015, and was completed in a phased manner by the end of 

November 2016. Phase 1 construction was completed over an 18-week period and it included installation 

of five wind turbine foundations on the seabed. The steel jacket of each foundation was lowered onto the 

seabed by a crane. Then individual piles, each of which measured between 1.4 and 1.7 m (4.6 and 5.6 ft) 

in diameter, were placed into the guide holes at jacket corners. Impact (percussive) pile driving was used 

to drive the piles incrementally into the seabed. The piles were driven to their final penetration design 

depth of 76.2 m (250 ft) or until refusal, whichever came first.  

A transition deck was then placed on top of the jacket and bolted in place to complete the foundation. 

Figure 2 shows a schematic of a fully assembled WTG foundation; a photograph of the assembled WTG 

5 foundation is shown in Figure 3. Key observations from the RODEO Program environmental 

monitoring conducted during construction Phase 1 are presented a separate report entitled ñField 

Observations during Wind Turbine Foundation Installation at the Block Island Wind Farm, Rhode 

Islandò (HDR 2018). 

Phase 2 construction was completed in two steps. In Step 1, which was initiated in January 2016, 

submarine power cables were laid on the seabed. See report entitled ñObserving Cable Laying and 

Particle Settlement during the Construction of the Block Island Wind Farmò (Elliott et al. 2017) for a 

detailed description of the RODEO Program environmental monitoring conducted during this step.   

In Step 2, which was conducted over a two-week period in August 2016, a turbine tower, a nacelle2, and 

three blades were assembled on each of the five WTG transition decks. During this assembly, the first of 

three turbine tower sections was bolted in place on each transition deck and then the other two sections 

were sequentially placed on top of the first section. A nacelle was then connected to the top of the tower 

and three blades were installed on the nacelle. The schematic in Figure 4 shows a fully assembled WTG 

1. A photograph of the completed WTG 1 is shown in Figure 5. 

The completed turbines are 181 m (594 ft) above mean lower low water (MLLW ) at their highest 

elevation and the nacelle is approximately 106 m (348 ft) above MLLW.  Each blade is 73 m (240 ft) and 

has a blade swept area of 17,806 m
2 
(4.4 acres). The lowest blade elevation is 31 m (101 ft) MLLW.  The 

jackets that support the turbines are designed to withstand a Category III hurricane.  During severe 

weather conditions, the blades are locked into place and prevented from rotating. 

Three Lift Boats were utilized during the assembly of the towers, nacelles, and blades. The primary 

platform was the Fred Olsen Windcarrier L/B Brave Tern, a 7,600-ton (16,755,131-pound) cargo capacity 

Republic of Malta-flagged vessel. This vessel is 132 m (433 ft) in length and 39 m (127 ft) wide, 

equipped with three deck cranes, and has four legs that are 92.4 m (303.1 ft) in length and capable of 

extending 70.5 m (231.3 ft) below the ship baseline.   

                                                      
1 Deepwater Wind was acquired by Ørsted of Denmark in 2018 and is now known as Ørsted US Offshore Wind. 

2 The Nacelle is a case that houses all of the generating components in a wind turbine, including the generator, 

gearbox, drive train, and brake assembly. 
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Two smaller sister Lift Boats, the L/B Paul and L/B Caitlin with matching dimensions and capacity, were 

used as supply ships. Both vessels are 42.15 m (138.3 ft) in length and 26 m (85 ft) in width, and they 

have three legs that are 72 m (236 ft) in length and capable of jacking up to a maximum depth of 55 m 

(180 ft) of water. The L/B Caitlin was used to transport the three tower sections to each foundation. The 

nacelles and turbine blades were transported on the L/B Paul. Assembly of the different sections and 

pieces was performed using the cranes on the L/B Brave Tern. 

Operational testing of the facility was conducted from August through November 2016, and the initial 

operations commenced on 2 December 2016. 

1.3 Report Organization 

Key results, observations, and conclusions from each type of environmental monitoring are summarized 

in individual sections in this report. Raw data and detailed discussions from each type of monitoring are 

contained in technical reports, which are provided as digital appendices to this summary report. This 

report is organized as follows:   

¶ Section 1 presents an overview of the BIWF Facility and the RODEO Program, and includes a 

summary description of activities conducted during each phase of construction.  

¶ Section 2 contains methods and key observations from the onshore and offshore visual 

monitoring conducted during Phase 2 construction.  

¶ Section 3 is a description of the onshore and offshore airborne noise monitoring conducted during 

Phase 2 construction.  

¶ Section 4 describes the process of producing a B-roll and Vignette.  

¶ Section 5 lists the references cited in the report. 
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Figure 2. Schematic showing a fully assembled WTG foundation (courtesy Deepwater Wind). 
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Figure 3. Fully assembled WTG 5 foundation 
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Figure 4. Schematic showing a fully assembled WTG. 
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Figure 5. Fully assembled WTG 1.  
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2 Visual Monitoring  

The purpose of the Phase 2, Step 2 visual monitoring was to 1) document visibility of construction 

activities during the assembly of the turbine towers and installation of the nacelles and blades from 

selected onshore and offshore locations, and 2) generate a real-time record of the construction-related 

impact-producing activities, and where possible, quantify such activities. Installation and assembly of 

turbine towers, nacelles, and blades at WTGs 2, 3, and 4 were observed and recorded during this 

monitoring. All field activities were conducted in accordance with a BOEM-approved Field Sampling 

Plan, which included a project-specific Health and Safety Plan (Appendix A). 

Visual monitoring was conducted by a team of four observers. The team arrived on site on 5 August 2016, 

and a site reconnaissance was conducted on the following day. On-site training was conducted by the 

Field Team Leader to ensure consistency in describing activities and recording observations by the 

observers. Monitoring was conducted from 7 to 16 August, 2016. A dedicated onshore observer also 

served as the field safety coordinator and maintained contact with the construction vessel via VHF 

communications. 

Construction activities were observed from strategically-selected onshore and offshore locations, and data 

were recorded at early morning, mid-day, sunset, and during significant changes in meteorological 

conditions (rain, fog, etc.). Observations were recorded on each day of active construction, and included 

taking a series of photographs from a fixed location, at the same angle, using a constant camera zoom 

setting. Video recordings were made as necessary to document unusual sightings or infrequent 

occurrences. Relevant information about the size, type and number of construction vessels, and other 

impact-producing factors, was also recorded in accordance with the BOEM-approved FSP. Visual 

monitoring field logs are shown in Appendix B.  

2.1.1 Onshore Monitoring 

The WTG coordinates and their distance from Block Island are listed in Table 2. The Southeast 

Lighthouse is the closest onshore location on Block Island to the wind farm, and an observation station 

was set up on the lighthouse grounds (Figure 6). The lighthouse is situated on top of Mohegan Bluff at 

the southeastern corner of the island at an elevation of approximately 75 m (246 ft) above mean sea level 

and approximately 4.8 km (roughly 3.1 mi) away from the BIWF. From the lighthouse grounds, the 

survey team had a clear unobstructed view of the turbines as they were being assembled on the 

foundations. Access to the lighthouse grounds was coordinated through the Southeast Lighthouse 

Foundation.  

Table 2. WTG coordinates and distance from Block Island. 

WTG  
Latitude  

(Deepwater Wind 2016) 
Longitude  

(Deepwater Wind 2016) 
Distance from Block 

Island  

1 41
o 
7.546ô N 71

o 
30.451ô W 4.6 km (2.3 mi) 

2 41
o 
7.193ô N 71

o 
30.837ô W 4.7 km (2.9 mi) 

3 41
o 
6.883ô N 71

o
 31.270ô W 4.8 km (3.0 mi) 

4 41
o 
6.609ô N 71

o 
31.744ô W 5.0 km (3.1 mi) 

5 41
o
6.380ô N 71

o
32.258ô W 5.2 km (3.2 mi) 
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Figure 6. Location of visual monitoring station on the Southeast Lighthouse grounds. 
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Observations were recorded from a fixed location on the lighthouse grounds (41Ü09Ü.17ôN, 

071Ü33.097ôW), which was adjacent to the wooden boundary fence along the southern edge. From this 

location, the monitoring team had a direct line of sight and clear view of the construction site (Figure 7).  

 

Figure 7. Visual monitoring location on the grounds of the Southeast Lighthouse. Two 
turbines can be seen in the background.  

During each recording event, a set of still photographs and high-resolution video of turbines and 

construction activities was recorded from the monitoring location using a Canon 5D Mark III camera with 

a 70- to 200-mill imeter (mm) telephoto lens. The telephoto lens was wide enough to capture ambient 

lighting and environmental conditions and had the capability of zooming in for closer images. To ensure 

that photographs taken at different times could be compared side-by-side, the same camera angle and a 

constant zoom setting was used, and the camera was mounted on a tripod to maintain image consistency. 

Observations were recorded using a customized iPad application (App), which was specially created for 

this project using the database platform FileMaker Go. A screenshot of the iPad app input screen is shown 

in Figure 8.  The app was field tested prior to the monitoring survey, and standardized data entry 

procedures were used for data entry to ensure consistency among field observers. Observers took a 

photograph and then recorded the photograph frame number along with notes on activity observed, time, 

and weather conditions. Meteorological data recorded included wind direction, sea state, cloud cover, and 

humidity. These data were verified, quality checked, edited if needed, and backed up on a dedicated hard 

drive at the end of each day.  
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Figure 8. Sample data log screen from the iPad App. 

 

2.1.2 Significant Events Affecting Documentation of Visual Observations 

The project area experienced rain and fog from 10 to 12 August 2016; this limited visibility from the 

shoreline, because of which data could not be recorded during this period. High winds on both 10 and 12 

of August prevented crane operations and therefore construction activities were suspended. Construction 

was also halted on 13 August around mid-day due to high winds.  

Also, on several mornings there was a slight haze around the foundations, which affected the quality of 

photo and video images captured. Typically the fog disappeared by early afternoon, at which point the 

turbines were clearly visible. A view of WTG 1, 2, and 3 from the Southeast Lighthouse monitoring 

station under morning foggy weather (left panel) and the same afternoon after the fog had cleared (right 

panel) are shown in Figure 9. A view of the same three turbines from the offshore monitoring vessel 

under morning foggy conditions (left panel) and clear afternoon conditions (right panel) are shown in 

Figure 10. 
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Figure 9. View from the Southeast Lighthouse monitoring station under foggy (left panel) and 
clear (right panel) weather conditions. 

Note: WTGs 1, 2, and 3 are not visible from shore during the morning foggy conditions, but were visible once the fog 

dissipated in the early afternoon. 

  

Figure 10. WTGs 1 and 2 as seen under morning foggy (left panel) and clear afternoon 
conditions (right panel) from the offshore monitoring vessel.  

2.1.3 Offshore Monitoring  

Visual observations were also recorded from an offshore location that was closer to the turbines than the 

onshore location, using a locally chartered fishing vessel, the Hula Dog. The F/V Hula Dog is a 27-foot-

long vessel equipped with a center console outfitted onboard navigation system, depth sounder, and U.S. 

Coast Guard-approved safety equipment (Figure 11).  Observations were made on each day of active 

construction and the monitoring schedule was guided by information received from Deepwater Wind and 

the Notice to Mariners published by the Rhode Island Coastal Resources Management Council. This 

notice typically listed planned construction activities for the following day and was distributed daily via 

email to stakeholders, local fishermen, and recreational boaters.  
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Figure 11. Charter Vessel F/V Hula Dog. 

The U.S. Coast Guard established an approximately 457.2 m (1,500 ft or 500-yard) safety zone around 

each turbine foundation. All vessel traffic not directly supporting the construction was prohibited from 

entering the restricted area. Note that the restriction was only in effect when activities were occurring 

around a particular turbine and that the zone effectively moved with each turbine.  The first notice of the 

safety zone was issued on 17 July 2015 and the restriction remained in effect until first week of October 

2016. The offshore monitoring vessel stayed outside the safety zone during the entire survey period.  

During the offshore monitoring, Fujinon 10 × 50 marine binoculars were used to observe construction 

activities. Still photographs and high resolution video were recorded using a Canon 5D EOS with a 100 to 

400 mm lens. The telephoto lens allowed the observers to see and photograph names and features of the 

construction vessels and construction activities at close quarters. ICOM M36 portable VHF radios were 

used for monitoring construction activities, weather, and maintaining communication among the onshore 

and offshore observers. 

Data on the types and number of vessels deployed, chronology and duration of activities, and other 

relevant information for use in evaluating impact-producing factors were recorded in the field using the 

iPad app. Meteorological conditions that affected visibility of the construction activities were noted. 

Incidental observations of recreational boat traffic (fishing vessel, yachts, etc.) and marine mammal 

sightings were also recorded.  

2.2 Visual Monitoring Observations Summary 

Seven vessels were used during Phase 2 construction (Table 4); as compared to 16 vessels that supported 

the first construction phase.  On a typical day, the L/B Brave Tern would be elevated next to a WTG 

foundation with the smaller Lift Boat Paul and Caitlin standing by in close proximity. The smaller Lift 

Boat primarily served as supply vessels and for ferrying tower sections and blades to the construction site.  

Table 3. Vessels supporting Phase 2 construction. 

Vessels 
Length 

(m) 
Breadth 

(m) 
Function 

L/B Brave Tern 132 39 Primary at-sea construction platform  

L/B Paul 42 26 Derrick crane barge 
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Vessels 
Length 

(m) 
Breadth 

(m) 
Function 

L/B Caitlin 42 26 Supply ship 

Atlantic Pioneer 21  Crew transfer vessel 

F/V Lindsey E 10.97 4.24 
Project management and visitor transport from Block 
Island to construction site 

L/B Michael Eymard 42 22 National Grid cable protection  

F/V Hula Dog 8.23 2.83 Visual observation vessel 

The 21 m (70 ft) water jet powered catamaran (Atlantic Pioneer), was used to transport workers from the 

shore to the construction site.  This crew tender is the first U.S. flagged specialized crew transfer vessel 

and is dedicated to supporting offshore wind farm construction and maintenance. It transported workers 

from Quonset Point to the project site. Crews were transferred to the turbine platforms by placing the 

vulcanized rubber center bow against the tower. This specialized bow prevents vertical movement 

allowing safe transfer of passengers.  Other vessels on site included the F/V Lindsey E, which was 

primarily used to ferry the project management team and visitors to the construction site. The L/B 

Michael Eymard was also present and it was used to survey the National Grid submarine cable. 

A series of photographs are presented below to illustrate some of the noteworthy events that were 

recorded during Phase 2 construction. The placement of the tower sections on the WTG 3 foundation is 

shown in Figures 12, 13 and 14. In Figure 12, the crane on the L/B Brave Tern is seen positioned next to 

the turbine foundation. L/B Caitlin is positioned to south of the L/B Brave Tern with one tower section 

stored on the deck. A close-up view of the first tower section being placed on the WTG 3 foundation is 

shown in Figures 13; fully assembled WTG 1 and 2 are seen in the background. Placement of the first 

tower section on the WTG transition deck is clearly seen in Figure 14; a partial view of the workers on 

the deck provides a scale for the tower section. 

Figure 15 shows a nacelle prior to it being lifted off the deck of the L/B Brave Tern. Lifting and 

placement of the nacelle on WTG 4 is shown in Figures 16 and 17.  The worker positioned in the blade 

opening of the nacelle can be used as a scale for Figure 17. All three turbine blades to be installed on a 

given tower were stored and transported to the site on the L/B Paul (Figure 18). Each blade was 73 m 

(240 ft) in length and weighs 29 tons (58,000 pounds). The blades were lifted from L/B Paul using a 

specially designed cradle, which was attached to the crane (Figure 18). Placement of the blade into the 

nacelle at WTG 4 using the specialized cradle is shown in Figures 19 and 20. Fully assembled WTG 1, 2 

and 3 are seen in Figure 21. Significant events that occurred during Phase 2 construction are summarized 

in Table 4, and approximate installation times for the various components are listed in Table 5. 
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Figure 12. Placing the tower section at WTG 3. 

 

Figure 13. Close-up view of tower installation at WTG 3. 
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Figure 14. Close up of tower installation at WTG 3. 

 

Figure 15. Nacelles stored on the deck of L/B Brave Tern. 
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Figure 16. Lifting nacelle off the deck of L/B Brave Tern.  

 

 

Figure 17. Nacelle placed on top of tower section. 
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Figure 18. L/B Brave Tern lifting turbine blades from L/B Paul. 

 

 

Figure 19. Attaching blade to nacelle at WTG 4. 
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Figure 20. Worker securing blade to nacelle. 

 

Figure 21. Completed WTGs 3, 2, and 1. 
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Table 4. August 2016 significant events. 

Date Summary of Activity 

8/7 Installed two blades at WTG 2.  

8/8 Installed tower section to foundation at WTG 3. Nacelle was installed overnight. 

8/9 Installed two blades at WTG 3. Third blade was installed overnight. 

8/10 No construction due to heavy wind and rain.  

8/11 Foggy with rain. Installed first section of tower at WTG 4.  

8/12 No construction due to high winds.  

8/13 Installed second section of tower at WTG 4 at dawn. No other construction due to winds. 

8/14 
Attempted to install nacelle at WTG 4 during the day, but too windy. Nacelle was installed 
overnight. 

8/15 Installed two blades at WTG 4. Third blade was installed overnight. 

8/16 L/B Brave Tern transitioned to WTG 5.  

Table 5. Approximate Installation time for WTG Components. 

WTG 
Component 

Installed 
Start Time End Time 

Approximate 
Elapsed Time 

(minutes) 

WTG 2 Blade 1 1024 1206 182 

WTG 2 Blade 2 1326 1546 220 

WTG 3 Tower Section 1305 1700 395 

WTG 3 Blade 1 1132 1528 396 

WTG 3 Blade 2 1628 1749 121 

WTG 4 Tower Section 1213 1443 230 

WTG 4 Nacelle 1100 1344 244 

WTG 4 Blade 1 0928 1045 117 

WTG 4 Blade 2 1250 1429 179 

Over 1,400 photographs were taken from the onshore and offshore monitoring stations. These 

photographs illustrate the types of activities that occurred during the construction. They were provided to 

BOEM on a DVD and are available upon request. Appendix B, Tables B-1 and B-2 provide a key to the 

photo logs. Table B-3 summarizes meteorological data recorded during the monitoring. 

2.3 Visual Observations: Highlights and Lessons Learned 

Key observations from the RODEO Program visual monitoring conducted at the BIWF during installation 

of the turbine towers, nacelles, and blades on the WTG foundations are listed below: 

¶ Far fewer challenges were encountered during Phase 2, Step 2 construction as compared to Phase 

1 construction. The biggest issue was delays due to adverse weather conditions. On windy days 

especially, construction had to be suspended because of potential risk from crane operations. 

¶ Assembly of the WTG components on the foundations (Phase 2, Step 2) was completed in 

approximately 2 weeks, which was faster than the 18 weeks required for Phase 1 construction. 

¶ The L/B Brave Tern provided a superior at-sea construction platform. The ability to lift the deck 

above sea waves and provide a stable construction platform for crane operations avoided or 

greatly reduced delays from weather-related high sea states.  
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¶ Phase 2 construction was more streamlined as compared to Phase 1 construction, in part due to 

use of Lift Boats as construction platforms and supply tenders. Overall, the construction footprint 

around the WTGs was reduced due to the use of LB. The derrick barges used during Phase 1 

construction required multiple tugs to remain on standby for both positioning and anchoring, 

which was not as efficient as using LB. 

¶ Only four vessels were used (three lift boats and the crew tender Atlantic Pioneer) during Phase 

2, as compared to the 16 vessels that supported Phase 1 construction. Fewer vessels anchoring on 

site also resulted in less damage to the seabed. 

¶ The lift boats were able to quickly transition from one turbine to the next as compared to Phase 1 

during which a lot more time was needed to reposition the derrick barges during Phase 1. Also, 

the smaller lift boat only required approximately 15 minutes to jack up once in position.  

¶ Average time to install one tower section and one blade was approximately 312 minutes and 220 

minutes, respectively. 

¶ During the observation period, Phase 2 construction activities did not seem to influence local 

fishing traffic as compared to Phase 1 construction during which visual observations had 

indicated that local boat traffic was seemed to be impacted.  
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3 Airborne Noise Monitoring 

The construction and operation of an offshore wind farm will necessarily generate noise from sources 

such as transportation of construction equipment and materials, operation of construction equipment 

including pile driving, and operation of the assembled wind turbines. Since 1) the purpose of the RODEO 

Program is to make direct, real-time measurements of the nature, intensity, and duration of potential 

stressors during the construction and operations of offshore wind facilities and 2) both airborne noise and 

underwater sound could potentially be major stressors, therefore an elaborate airborne noise and 

underwater sound monitoring program was undertaken during the construction and operational phases of 

the BIWF. The objective of the program was to collect real-time data that would be used to improve 

model predictions of likely impacts associated with future offshore wind facilities. 

Methods, results, and conclusions from airborne noise monitoring conducted during the construction 

Phase 1 were previously reported (HDR 2017). Methods, results, and conclusions from airborne noise 

monitoring conducted during the installation of the tower sections on the WTG foundations are presented 

in this section3. 

Airborne noise monitoring was conducted over nine days (7 to 15 August 2016) using Larson David 

model 831 sound level meters (SLMs). The meters were calibrated prior to the field deployment for the 

complete frequency range and measurements were confirmed before and after readings were taken using a 

field calibrator at 1,000 Hertz (Hz). Environmental and meteorological conditions were noted during the 

monitoring, including air temperature, wind speed and direction, precipitation, humidity, cloud cover, sea 

state and any other significant environmental features (e.g., fog). All noise measurements are reported as 

decibels (dB) relative to 20 micropascals4 (µPa).  

Results and major findings from the monitoring are summarized below. Key terminology related to 

airborne noise assessment methods is defined in Appendix C. Additional details on the methods and 

results are presented in Section 6 of the technical report contained in Appendix D. 

3.1 Survey Methods 

Simultaneous measurements were made at one onshore (Southeast Lighthouse) and one offshore location 

(on a survey vessel). The onshore monitoring location was located on the grounds of the lighthouse along 

the southern boundary (Figure 6). The location was selected taking into account the prevailing wind 

direction during summer, pedestrian traffic, and other ambient noise sources (lawn maintenance 

equipment, vehicles, etc.). The SLM was mounted on a tripod near the edge of the cliff and in direct line 

of sight of the project area. Windscreens were deployed throughout the monitoring period. The 

background noise at the monitoring location was dominated by rustling foliage and distant waves, 

sporadic voices from lighthouse pedestrian traffic, and the occasional light aircraft. 

Offshore measurements were recorded by a SLM mounted on the deck of the research vessel R/V 

McMaster, operated by the University of Rhode Island. A microphone and a high performance 

windscreen was fixed to a steel frame over the top of the vessel wheelhouse and connected to an SLM 

with a 5 m (16.4 ft) extension lead. The microphone was fixed to the top of the vessel wheelhouse 

(Figure 22). During the measurement periods, the survey vessel engines and other equipment that could 

interfere with the acoustic measurements were turned off and the boat was allowed to drift passively.  

  

                                                      
3 Methods, results, and conclusions from airborne noise monitoring conducted wind turbine operations are presented 

in an accompanying document entitled ñField Observations During Wind Turbine Operations at the Block Island 

Wind Farm, Rhode Island, OCS Study BOEM 2019-028.ò (HDR 2019b). 

4 Approximately the quietest sound a human can hear on land. 
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Figure 22. Survey boat R/V McMaster; SLM mounted on the deck. 

Offshore measurements were taken on a series of transects centered on the construction activity. The 

transects were chosen either to line up with one of the onshore monitoring stations or were coincident 

with a particular wind direction. Each transect began at the edge of the offshore safety exclusion zone 

(457 m [500 yards]) and continued until the vessel reached land or an impassable region of water, or the 

construction noise was no longer audible or detectable. Acoustic data were recorded at intervals starting at 

around 500 m (457 yards) and doubling in distance (500 m, 1 km, 2 km, 4 km, etc.) along with details of 

the boatôs position and other relevant information.  

Measurements on the vessel were conducted with specific attention paid to wind conditions. Distances 

from the lift boats were measured using a laser range-finder that was accurate up to 1,000 m (3,281 ft) 

and calculated using GPS coordinates relative to the turbine locations.  

3.2 Survey Results 

Results from the airborne noise monitoring are discussed below. Where appropriate or relevant, the values 

are compared to results previously reported for monitoring conducted during construction Phase 1 piling. 

At no point during the tower lifting operations was construction noise audible or detectable at the onshore 

monitoring location. Detailed analysis was therefore conducted only using data collected from the 

offshore monitoring platform. These data were analyzed to identify the source level and geometric 

spreading loss coefficient. A transition point at 700 m (230 ft) between spherical spreading (N=20) and 

another attenuation coefficient, which was determined based on wind direction, was used. Note that as 

low frequency noise from the barges was dominant and measurements were taken over a maximum of 3 

km (1.9 mi), no atmospheric absorption element was included as this would have an effect of less than 1 

dB. The most useful datasets were the ones recorded on downwind transects.  

3.2.1 Transect 1: Downwind 

Figure 23 below shows the measured time history on the first day. The left side of the chart between 

12:00 and 13:00 is effective ambient noise; two small vessels passing at 12:15 and 12:55 caused 

temporary increases in the background noise level of the order of 4 dB LA905,1 minute. The average 

background noise level was 46 dB LA90, 1 hour. The right side of the graph shows a downwind transect 

during the lifting of one of the turbine blades.  

                                                      
5 LA90 = level exceeded for 90% of the time under consideration.  
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Figure 23. Noise measurements taken on 7 August 2016 at WTG 2, including blade lift (Receiver 
Level [R>700 m]: SL = 108 dB LAeq, N = 6). 

A horn on the L/B Brave Tern was sounded at approximately 13:50 and the drift transect was undertaken 

shortly afterwards. This was a short transect, from 500 to 850 m (1,640 to 2,788 ft). The machinery is a 

continuous, low-level hum, relative to the background noise offshore. In this time the noise level dropped 

from 55 dB LAeq6, 1 minute to 50 dB LAeq, 1 minute with a clear but gentle reduction in noise over the 

drifting period.  

Although the LAeq metric typically is used for the reporting of operational noise, here the LAeq is 

susceptible to contamination by the ambient noise, primarily movement of water and wave slap on the 

side of the vessel. The statistical LA50 metric may be better to identify the continuous noise, which 

represents the noise level exceeded for 50 percent of the time the sample is taken and is less sensitive to 

sudden increases in noise level, unlike the LAeq. Using this metric, the noise level drops from 54 dB 

LA50, 1minute at 500 m to 49 dB LA50, 1 minute at 850 m (2,788 ft).   Also, for this sample, although 

the LA50 ósmooths outô spurious signals (see the spike in the LAeq at 14:15, which was caused by an 

unexpected radio transmission), the reduction using the two metrics is approximately the same. 

The calculated source level is presented in the standard LAeq metric. This was calculated based on the 

LA50 value plus 1 dB, which was found to be the average difference between the measured LAeq and 

LA50 when noise from the L/B Brave Tern was dominant and uncontaminated by extraneous noise, close 

to the barge.  

3.2.2 Transect 2: Downwind 

The chart in Figure 24 shows a downwind drift with few contaminating events on August 8. The benefit 

of the LA50 metric can be seen better on this transect, where radio communications significantly 

influenced the LAeq noise level at 10:31 and the ambient noise, primarily the action of waves, keeps the 

LAeq at approximately 50 dB, but the LA50 falls 5 dB further. The noise level at the start of the drift, at 

                                                      
6 LAeq is the equivalent sound level in decibels equivalent to the total A-weighted sound energy measured over a 

stated period of time. 

30

35

40

45

50

55

60

65

70

75

80

1
2
:0

0

1
2
:0

5

1
2
:1

0

1
2
:1

5

1
2
:2

0

1
2
:2

5

1
2
:3

0

1
2
:3

5

1
2
:4

0

1
2
:4

5

1
2
:5

0

1
2
:5

5

1
3
:4

4

1
3
:4

9

1
3
:5

4

1
3
:5

9

1
4
:0

4

1
4
:0

9

1
4
:1

4

1
4
:1

9

1
4
:2

4

1
4
:2

9

1
4
:3

4

1
4
:3

9

N
o
is

e
 l
e
v
e
l,
 d

B
 

LAF10.00

LAF50.00

LAF90.00

LAFmax

LAFmin

LAeq

850m 

500m 



32 

250 m (820 ft) from the L/B Brave Tern was 56 dB LA50 and at the end of the drift, at 1,150 m (3773 ft), 

the noise level had fallen to 46 dB LA50.  

This was the closest position where a noise sample was taken under ideal conditions and the gentle 

downward slope of the noise levels in Figure 24 illustrates this point. With the combination of relative 

vicinity to the L/B Brave Tern and conditions, this was considered the best position to determine a source 

level. Using the assumption of a propagation loss of 20 log(r) in the ónearfield,ô an estimated source level 

of 106 dB LAeq, 1 m was calculated. 

3.2.3 Transect 3: Upwind 

Comparative measurements were taken upwind of the L/B Brave Tern, to identify the limits of audibility 

and noise propagation over water under these conditions. Figure 25 shows an upwind transect, beginning 

the drift at 450 m and ending at 1,050 m. The sudden increases at the start and the end of the transect was 

caused by engine noise from the survey vessel. A small increase in noise can be seen over the course of 

the transect, despite moving farther from the vessel. The increase was caused by an increase in ambient 

noise; the wind speed had increased from 1.5 meters per second (m/s) in the morning to 4 m/s here.  

The L/B Brave Tern was barely audible at the closest position, up to approximately 500 m (1,640 ft) but 

was lost in ambient noise beyond this. No attenuation coefficient could be identified under these 

conditions and at this range, with any noise from the L/B Brave Tern rapidly lost in the background. 

 

Figure 24. Noise measurements taken on 8 August 2016 downwind transect at WTG 3, 
including tower lift (Receiver Level [R>700 m]: SL = 105 dB LAeq, N=6). 
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Figure 25. Noise measurements taken on 8 August 2016 upwind transect at WTG 3, including 
tower lift and survey vessel engine noise. 

3.2.4 Transect 4: Calm 

Wind conditions on 9 August were calm, and measurements were taken in the vicinity of the L/B Brave 

Tern with little influence from any extraneous noise, particularly any wave noise. The drift began at 650 

m (2,133 ft) from the L/B Brave Tern and ended at 1,350 m (4,429 ft), and noise from the barge was clear 

at all times in the absence of significant wind or wave action. 

There was a slight downward trend in the noise detected from the L/B Brave Tern over this 50-minute 

period. A doubling in the distance led to, at most, a 3 dB reduction in the noise. This small effect may be 

because of light, variable winds higher above the water causing fluctuations, or small changes in the noise 

output from the engines. 

These calm conditions provided a good opportunity to present the frequency spectrum from the L/B 

Brave Tern in the absence of wind or wave noise. Figure 26 shows the 1/3rd octave center-frequency 

band spectrum measured at 750 m (2,461 ft), when the engine noise was clear. It is clearly dominated by 

low frequency tonal noise with a peak at 40 Hz.  
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Figure 26. Noise measurements taken on 9 August 2016, calm to downwind conditions, at WTG 
3, including blade lift (Receiver Level [R>700 m]: SL = 106 dB LAeq, N=12). 

The fit of N for the calm wind conditions here (N=12) is somewhat lower than during construction Phase 

1 piling, where an estimate of N=19 was estimated. This is likely to be due to the noise from the L/B 

Brave Tern being very close to the level of background noise, especially as a result of the impact of the 

A-weighting, which reduces the influence of low frequencies. A closer inspection of the data to identify 

the geometric absorption coefficient at 40 Hz was undertaken using measurements recorded on 9 August 

(Figure 27).  

There is much greater separation between the time-history for the 40 Hz 1/3 octave band center frequency 

and the background noise and this shows a much more rapid attenuation. In fact, a ófitô of much greater 

than N=20 seems appropriate, with the 40 Hz band possibly reaching close to the background at around 

11:10 (although it was still subjectively audible at this position). This does suggest that if the noise was 

better separated from the background (i.e., it was louder) then the fit to the LA50 would be greater than 

N=12, and closer to the value identified in calm conditions during piling.  

3.2.5 Transect 5: Downwind 

An extended downwind transect was recorded on August 15 from 600 m to 2,750 m (9022 ft) at 10:30. 

This is shown in Figure 28. The seas were relatively quiet with good periods without any contribution to 

the extraneous noise, so the L/B Brave Tern was audible at all times. 

While crane movements were continuous in the period above, the crane only began lifting a blade at 

09:56. At the time there was no subjective increase in the noise at this time and no change can be seen in 

the measurements in Figure 28 (or the following Figure 29).  

A reduction of approximately 5 dB can be seen between 09:25 and 10:05, from 600 m to 2.1 km (1,969 ft 

to 1.3 mi). After this time, there is no significant further reduction in the measured overall noise level, due 

to the influence of background noise from the water movement. 
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Figure 27. Noise frequency spectrum taken on August 9th 2016 calm conditions at WTG 3. 

The tonality of the noise from the L/B Brave Tern was identified in the spectrum in Figure 28. The 

ambient noise in general is fairly broadband so to focus on the audibility of the noise, the peak frequency 

(40 Hz) was isolated and placed alongside two frequencies outside of the noise from the machinery (25 

Hz and 100 Hz). This is shown in Figure 29. 

The 40 Hz tone is nearly 10 dB above the surrounding frequency bands when close to the L/B Brave Tern 

and so clearly audible. Between 2,000 and 2,750 m (1.2 and 1.7 mi) any attenuation in the noise with 

distance is minimal and the level of the tone is similar to the ambient noise, although as it remains slightly 

elevated it is still audible. This represents the greatest distance measured during the survey at which the 

noise was detectable, although as can be seen in the variation (or lack thereof) after 10:00 in Figure 30 

the noise from the L/B Brave Tern cannot be discerned when looking at the overall A-weighted noise 

levels. 
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Figure 28. Transects with fits to LA50 and 40 Hz Leq on August 9th 2016 calm conditions at 
WTG 3. 

 

 

Figure 29. Long distance drift downwind of WTG 4 during blade lift. Note: spurious noise from 
a passing vessel and helicopter between 9.33 and 9.44 has been removed. August 15 
2016. Receiver Level [R>700m]: SL = 112 dB LAeq, N = 6. 
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Figure 30. 1/3rd octave band time history. Drift on August 15 between 600 m and 2,750 m. Note: 
spurious noise from a passing vessel and helicopter between 9.33 and 9.44 has 
been removed. 

3.2.6 Measurements around L/B Caitlin 

The L/B Caitlin was positioned adjacent to the L/B Brave Tern for storage of turbine and tower parts 

prior to lifting in position. It remained static while the lifting operations were underway and produced a 

continuous noise from its engines. On 15 August, a continuous westerly 3 meters per second (m/s) breeze 

was blowing and this provided an opportunity to sample the noise levels in all orientations to the noise 

source relative to the wind direction. Table 6 shows these collated noise levels. 

Noise from L/B Caitlin engines was clearly audible downwind, not audible upwind and could 

occasionally be detected subjectively in crosswinds. The variation in noise levels shown in Table 6 reflect 

this, although there may also be a directionality to the noise from the engines which cannot be identified 

at the distance of the survey vessel. It should be noted that the survey vessel was slightly closer to L/B 

Caitlin in the downwind sample at 15:21. Given spherical noise spreading at this range, if the noise was 

sampled at 510 m (1,673 ft) as at the other positions, this could lead to a 2 dB reduction in the 400 m 

(1,312 ft) sample. 

The LA90 noise metric, which is often used for measurement of background noise and susceptible to 

continuous noise sources but not infrequent, impulsive noises, may be the most reliable for identifying the 

noise from L/B Caitlin. As there was no impulsive noise produced by L/B Caitlin, the high LAmax7 noise 

level on the upwind and one downwind sample (15:51) indicate some contamination of the noise, which 

leads to spurious increases in the noise level of other metrics, especially the LAeq and LA10. If the noise 

continues for a long enough period the LA50 will also be affected.  

 

                                                      
7 A-weighted, maximum, sound level. 
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Table 6. Noise levels sampled around L/B Caitlin, collated by relative wind direction. 

Time Distance 
LAF10 

dB 
LAF50 

dB 
LAF90 

dB 
LAFmax 

dB 
LAFmin 

dB 
Laeq 
dB 

Wind 

13:42 n/a 54.7 47.9 44.7 71.6 42.2 54.9 Background 

15:05 
510 m 

(1673 ft.) 
54.7 48.9 45.5 78.6 42.8 57.4 Upwind (W) 

14:56 
520 m 

(1706 ft.) 
54.3 51.6 49.7 57.3 47.6 52.1 Crosswind (S) 

15:32 
510 m 

(1673 ft.) 
55.6 52.3 50.9 62.1 49.9 53.4 Crosswind (S) 

15:11 
510 m 

(1673 ft.) 
53.2 50.6 47.8 57.0 45.2 51.0 Crosswind (N) 

15:13 
510 

(1673 ft.) 
m 

55.6 49.7 46.8 61.2 44.4 51.9 Crosswind (N) 

15:21 
400 m 

(1312 ft.) 
57.3 55.0 53.0 61.4 51.6 55.5 Downwind (E) 

15:51 
340 m 

(1116 ft.) 
82.9 59.5 53.0 84.6 51.2 78.1 Downwind (E) 

However, as the noise levels upwind and crosswind were found to be inaudible or barely audible 

respectively, direct comparison between the different conditions would be inappropriate. Assuming L/B 

Caitlin is acting as an effective point source, as it will appear at a distance, the source noise level is 

approximately 107.5 dB LAeq, 1 minute, based on the lower level measured downwind.  

3.3 Discussion and Summary  

Airborne noise measurements taken around the L/B Brave Tern and L/B Caitlin during the lifting of the 

tower sections have shown that the noise emanates primarily from the barge engines and is characterized 

by a continuous hum. The measurements recorded were within range of what would be reasonably 

expected. However, the character and volume of the noise is likely to be specific to the respective barges 

and should not be assumed to be directly transferrable to other barges or vessels. 

The direction of the wind during construction is critical for propagation of airborne noise. Around the L/B 

Brave Tern, upwind, the noise levels during crane operations were subjectively inaudible above 

background noise within 750 m (0.5 mi). At this time background noise was approximately 45 dB LA90. 

Downwind, the hum from the engines was still audible at nearly 3,000 m (1.9 mi) with background noise 

levels also at approximately 45 dB LA90. The noise was reasonably tonal with a peak at 40 Hz and a 

noise level of 56 dB at 2,750 m (1.7 mi) at this 1/3rd octave band center frequency and quickly dropped 

below the ambient noise outside this frequency band. Given favorable conditions, including wind and low 

background noise, this noise could plausibly be audible beyond this distance. However, at no time was 

noise from the L/B Brave Tern detectible on Block Island during lifting operations, approximately 5 km 

(3.1 mi) away.  

Under calm conditions, noise from the Brave Tern was still clearly audible at 1,350 m (0.8 mi) and is 

likely to be audible beyond this point. The noise appears to attenuate more slowly than during piling in 

calm winds, although this is likely to be partly due to the low frequency of this engine noise, compared to 

the much higher frequencies present in the piling noise. 

Using the same assumption as during piling, that ónearfieldô sound propagation follows a 20 log(r) 

geometric spreading loss, the source level (at 1 m from the engine) for the L/B Brave Tern is 

approximately 105 to 108 dB LAeq,1min. The same spreading coefficient was seen beyond the transition 
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point as during piling, with N = 6 downwind and N = 12 in calm conditions. The value for N in calm 

conditions is likely to be higher in reality as the measured noise levels will be influenced by the ambient 

noise, as they were only marginally above the background. An investigation into the attenuation with 

range of the 40 Hz 1/3 octave band only showed a value of N = 20. A value of N could not be calculated 

under upwind conditions.  

Similar calculations for the L/B Caitlin show that the source level is 107.5 dB LAeq, 1 m, which suggests 

that the smaller barge is slightly louder. This could be due in part to the difference in height of the two 

sources: the L/B Brave Tern is a jack-up barge which was approximately 30 m (98 ft) above the surface 

of the water during measurements, whereas L/B Caitlin was on the water. The position of the engine 

outlet, the source of the noise, above the bargeôs deck may benefit from some shielding from the deck 

itself. However, as the deck and engine outlet will be at elevation during the operations, the 

measurements were appropriate. 

3.4 Conclusions 

The propagation of airborne noise from the L/B Brave Tern during the tower section lifts is in line with 

measurements taken during piling downwind. Under other wind orientations, noise from the barge was 

quiet enough out to 1 km (0.6 mi) to be significantly influenced by the ambient noise. No noise was 

audible beyond 500 m (1,640 ft) when upwind. No noise was detected on Block Island under any wind 

conditions. 

Future studies should attempt to investigate noise levels closer to the noise source to verify the initial 

spherical spreading assumption and improve confidence in the source noise levels. The source noise level 

will change with the equipment in use, an important consideration given the large variety of foundations 

currently in use or proposed for offshore wind turbines. Measurements could be recorded either from a 

vessel, where safe to do so, or by potentially setting up a SLM on the deck of the construction barge. 
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Appendix A: Field Sampling Plan 
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Appendix B: Visual Monitoring Data  

During visual monitoring over 1,400 photographs were taken from the onshore and offshore monitoring 

stations. These photographs illustrate the types of activities that occurred during the construction. They 

were provided to BOEM on a DVD and are available upon request. Tables B-1 and B-2 provide a key to 

the photo logs. Table B-3 summarizes meteorological data recorded during the monitoring  
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Table B-1. Onshore Photo Log Key and Field Observation Summary 

Date/Timestamp Observations Notes Photo Frames ID 

08/04/2016 15:04:26 Test   

08/07/2016 10:24:56 

Initial observations of work area. Work has not started yet. 
Plan is to place one blade on wind turbine #2. Fred Olsen 
Wind carrier vessel the Brave Tern is positioned next to 
WTG2. A smaller lift boat is adjacent to Brave Tern acting 

as a supply ship with turbine blades. 

1006-1009 

08/07/2016 10:48:42 Blade is being lifted and attached to the nacelle. 1010-1020 

08/07/2016 11:01:31 Crane is still holding on to the blade. 1021-1029 

08/07/2016 11:08:22 Crane still holding on to the blade 1030-1031 

08/07/2016 11:17:12 
No noticeable noise from construction site. Crane is still 
holding the blade. 

1032-1035 

08/07/2016 11:41:28 Blade is still being held by the crane.  1036-1039 

08/07/2016 11:49:56 
Turbine is being rotated. Crane is still holding on to the 
blade. 

1040-1044 

08/07/2016 12:06:48 
Turbine has rotated the blade down to get ready to install 
the second blade. 

1045-1048 

08/07/2016 12:26:02 Crane has begun to lift the second blade. 1049-1052 

08/07/2016 12:32:44 
Correction on last note: Crane has set hook on the deck. It 
is not picking up the other blade 

  

08/07/2016 12:40:54 Turbine has rotated to face east. 1053-1057 

08/07/2016 13:02:05 
Lift boat is positioned at WTG3 with towers on deck.  Has 
lowered itself into the water 

1058-1059 

08/07/2016 13:02:26 No activity. Crane has not picked up the second blade yet 1060-1061 

08/07/2016 13:26:38 Crane is lifting up the hook used to grab the blade 1062-1064 

08/07/2016 13:44:57 
Crane has moved the transport cradle to the second 
blade. Preparing to lift blade.  

1065-1066 

08/07/2016 14:05:18 Second blade is being put into position to install. 1067-1083 

08/07/2016 14:35:56 Second blade is being installed into the nacelle 1084-1087 

08/07/2016 15:00:11 
Continuing to install the second blade into the nacelle at 
WTG2. 

1088-1090 

08/07/2016 15:24:02 Not finished installed the second blade yet. 1091-1092 

08/07/2016 15:34:46 
Still installing the second blade. Large shipping vessel is 
passing behind the turbines in the distance 

1093-1094 

08/07/2016 15:46:03 Second blade installed.  1095 

08/08/2016 09:37:21 
Start of day. Construction will occur on WTG 3. Transition 
decks for WTG 4 and WTG 5. 

1096-1097 

08/08/2016 09:40:24 
200mm shot of Lift Boat Brave Tern and smaller supply lift 
boat at WTG 3.  Neither lift boat is elevated. 

1098-1099 

08/08/2016 09:40:59 
Deepwater Wind's Atlantic Pioneer at WTG 1 
dropping/picking up workers 

1100-1101 

08/08/2016 10:31:51 
Construction is scheduled to start at 12 so there has been 
no activity seen in the last hour. Completed WTG 1 and 
WTG 2 are visible. 

1102-1105 

08/08/2016 11:21:33 Still no activity at the construction site.  1106-1108 

08/08/2016 11:28:03 
Deepwater Wind indicates that construction will start at 
1:30pm 

  

08/08/2016 11:55:40 Lift Boat Brave Tern is starting to raise up to get into 1109-1113 
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Date/Timestamp Observations Notes Photo Frames ID 

position. 

08/08/2016 12:06:17 Small Lift boat is also lifting up now 1114-1115 

08/08/2016 12:40:20 Crane is now lifting 1116-1117 

08/08/2016 13:05:33 Crane still moving into position 1118-1120 

08/08/2016 14:00:21 Crane rotated to small lift boat but did not lift any pieces 1121-1124 

08/08/2016 14:48:15 Crane is moving cage to smaller barge 1125-1129 

08/08/2016 15:20:31 
Crane has moved sling to hook up to WTG3 tower. 
Sailboat passing close to L/B Brave Tern. 

1130-1135 

08/08/2016 16:08:42 
Crane lifting section of tower and putting it into place on 
the platform 

1136-1157 

08/08/2016 16:48:39 Atlantic Pioneer approaching the platform 1158-1162 

08/08/2016 17:00:07 End of day. Crane still attached to first section of tower. 1163-1164 

08/09/2016 09:20:36 
WTG1 and WTG2 are fully assembled. Construction has 
started at WTG3. The nacelle was placed on tower 
overnight. 

1165-1169 

08/09/2016 10:28:25 
Crane still attached to nacelle. No clear progress can be 
seen from the lighthouse 

1170-1172 

08/09/2016 11:09:38 Crane has detached from nacelle 1173-1176 

08/09/2016 11:32:17 
Crane has let go of nacelle and has moved to pick up the 
cradle for the blades 

1177-1179 

08/09/2016 12:01:37 
Crane moved the cradle to the blade. It has not lifted the 
crane yet 

1180-1190 

08/09/2016 12:36:30 
Blade has not left the small lift boat. They are still 
connecting the cradle to the blade. 

1191-1194 

08/09/2016 13:26:25 Started lifting the first blade for WTG 3 1195-1196 

08/09/2016 13:35:06 Blade being lifted into place 1197-1213 

08/09/2016 13:35:21 Blade is being mated to the nacelle 1214-1215 

08/09/2016 13:36:12 200mm shot of crane holding the blade in place 1216-1217 

08/09/2016 14:26:42 Crane still holding onto the blade 1218-1221 

08/09/2016 14:47:07 Turbine is rotating. Crane is still attached to the blade 1222-1226 

08/09/2016 15:28:11 Cradle is being released from blade 1227-1229 

08/09/2016 15:28:28 Atlantic Pioneer at WTG 1 1230 

08/09/2016 15:28:53 
Cradle is being put down on large barge deck. Nacelle is 
being rotated 

1231-1234 

08/09/2016 15:50:05 Crane moving to lift up crate  1235-1236 

08/09/2016 16:28:24 Crane has moved cradle to second blade 1237-1238 

08/09/2016 16:45:04 Started to lift the second blade 1239-1248 

08/09/2016 16:49:41 Moving the second blade into place 1249-1262 

08/09/2016 16:58:29 Second blade is being put into place 1263-1270 

08/09/2016 17:23:42 
70mm photo of WTG 3 being built. 200mm shot of second 
blade attached to the nacelle 

1271-1274 

08/09/2016 17:49:29 End of day. Cradle is still holding on to blade #2 at WTG 3 1275-1277 

08/10/2016 08:07:49 
WTG 3 has been completed. The second and third blade 
were installed overnight. L/B Brave Tern is transiting to 

WTG 4. Foggy conditions. 
1278-1282 

08/10/2016 09:05:02 
Lift boat Brave Tern has moved into position at WTG 4. 
Photos taken from the lighthouse porch due to rain.  

1283-1285 
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